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5 The present invention relates to a new method of manufactming the compound 

1- [2-[4-[5-chloro-l-(4-fluorophBnyl)-l-i9’-indol-3-yl]-l-piperidinyl]eth,yl]- 

2- imidazoliduione having tbs INN name sertindole and a new method of 
manu^tiuing die intermediate, S-ch1orO'l-(4^fluarophenyl)'indole used in the 
method. 

10 

Backgraund of the invention 



Sertindole is a well-known antipsychotic drug having the fonnula 




IS The compound was disclosed in US patent No 4,710.SOO and the antipsychotic 
activity thereof was desciibed in US patent No 5,112,838. Sertindole is a potent 
centrally acting 5-HTz receptor antagonist in vivo and has further been disclosed to be 
active in models indicative of effects in die treatment of anxiety, hypertension, drug 
abuse and cognitive disorders. 

20 

A number of syntheses of sertindole have been disclosed in US patent No 4,710,500 
and WO 98/51685. S-chloro-l-(4-fluarophenyl)-indole is a key mteimediaie in these 
syntheses. The syntheses of 5-chloro-l-(4-fluorophenyl)-indole as disclosed in US 
paieait No 4,710,500 and WO 98/51685 require multiple steps ftom commercially 
25 available starting materials, are expensive, ocatpy production equipment for 
prolonged periods resulting in low production capacity and result in environmental 
impact and safety. The synttiesis which has been favoured so far &tr industrial 
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synthesis of sertindole comprises the multiple st^ synthesis of 5-chloro-l-(4- 
fluorophenyI)*indole as disclosed in WO 98/S168S. 

An alternative synthetic strategy for l-aiyl>indoles is die Ulhnaim arylation of N- 
onsubstitated indoles with aryl halides catalyzed by large amounts of copper, typically 
near-stoichiometric amounts or more, as disclosed in e.g. J.Med.Chem. 1992 , 35 (6), 
1092-1101. The Ullmann arylation has, however, hitherto been disfavoured with 
regards to the syndiesis of S-chloro-l-(4-fluoiophenyl)-indole due to various problems 
which to those skilled in the art ate known to apply to die Ullmann arylation in 
general as the reactions typically result in moderate yields, around S0%, 
correspondingly large amounts of coloured by-products and cumbersome work-op 
procedures caused by (he conqplexation of the leaedon product with die copper 
catalyst, These complexes often require suiprisin^y harsh treatment to liberate die 
free reaction product, as known to diose ^lled in the art. 

Hence, there is a desire for new mediods for manufacturing of S-chloro- 
l-(4-fluoroplienyl)'indole. Such new methods may be advantageous in that diey are 
more cost effective, requite fewer reaction steps, have reduced impact on the 
environment, give higher yields, result in increased production capacity, purer crude 
product and easier woik-up procedures. 

Recently, Klapars et al, J.Am.Chem.Soc. 2001, 123 , 7727-7729, disclosed a variant of 
the Ullmann arylation wherein copper is present in catdytic amounts together with the 
chelating ligand tran$-l,2'Cyclohcxanediamine. 

Summary of the invention 

It has now suipiisin^y been found that it is possible to manufectuie S-chloro- 
l-(4'£iuorophenyl)-indole in an efficient way giving good yields by arylation of 
S-chloro-indole with a 4-fluoropheny1halide in the presence of catalytic amonnis of a 
copper salt and a dhelating ligand. This reaction is surprisingly selective. Illustrative 
of this high selectivity is the fact that there is virtually no by-products formed by 
reaction between die S-chloro group of one molecule of 5-chloro-indole and the 
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nitrogen of another molecule of S-cbloro-indole. This type of side reaction would be 
expected from the disclosure in J~Am.Chem.Soc. 2001, 123 ^ 7727-7729. which 
illustrate die reactivity of atylcblorides in this type of reactions. It has even more 
surprisingly been found diat die chelating ligand may be as simple as 
S ethylenediamiiiB. This reaction gives S-cbloro’l*(4-fluorophenyI)-indole in hi^ 
yields and purity in a cost-effective single-step synthesis from commercially available 
starting materials. 

Hence, the present invention relates to a novel mefliod for manufacture of seidndole 
10 comprising manufactoiing S-cbloro-l-(4-fluorophenyl)-indole and converting it to 
sertindole wherein the method for manufacture of S-chloro-i-(4-fluoraphenyl>indole 
comprises reacting S-chloro-indole with a 4-fluoTophenylhalide in the presence of a 
base, a chelating ligand and catalytic amounts of a copper salt comprising copper(Q or 
copper(n) and an anion which does not interfere in an unfavourable way with the 
IS reaction. 

Furthermore, the present invention relates to a metiiod for manufacture of S-chloro- 
l-(4-fluorophenyl)-iiidole comprising reacting 5-chloro-indole with a 
4-fluoTophenylhalide in the presence of a base, a chelating ligand and catalytic 
20 amounts of a copper salt comprising copper(I) or copper(II) and an anion which does 

not interfere in an unfavourable way witii tiic reaction. 

Detailed deseription of tbe InventiOB 

25 As used throughout the description and the claims, the following detinitions apply: 

The term '4-fluorophenylhalide’ means any compound selected from the group 
consisting of 4-fluoro-chlorobenzeoe, 4-fluoro-bromobenzene and 4-£hiorD- 
iodobonzene. 

30 

The term 'catalytic amounts' means amounts that are significantly lower titan 
stoichiometric amounts such as less titan 20 mol % relative to S-chloro-indole. 
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The term ‘chelating ligand’ means any compound comprising at least two atoms that 
are able to simultaneously coordinate to the same metal atmni 

The term Ci^>alkyl’ refers to a branched or unbranched alkyl group having from one 
s to six carbon atoms Inclusive, such as methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 
2-butyl, 2-methyl-2-propyl, and 2-methyl-l-propyl. 

The term *C],6'alkyl carboxylic acid’ refers to Ci,6-alkyl groups which are terminated 
by a carboxylic acid. 

]0 

The term ‘aryl’ refers to a carbocyclic aromatic group, such as phenyl or naphthyl, in 
particular phenyl. 

hi one embodiment of the invention, the chelating ligand is a substituted or 
15 unsubstituted 1,10-phenanthiolin or a compound of the formula X-(CR*R*-(CR^R\- 
CR’R*-Y)m, wherein X and Y independently are selected from NR^R* and OR^ R'- 
R'° indqpendently are selected from hydrogen, C| .(-alkyl, C|.6-alkyl carboxylic acid 
and arjd or one of R’ and R* together with one of R’ and R* are C).«-aIkylene, m is 1 
or 2, and n is 0. I, 2 or 3. In a preferred embodiment, at least one of X and Y is 
20 NR R , and more preferred both of X and Y are NR"^R*. In another prefored 
embodiment, R^ and R® are independently selected from hydrogen, C|. 4 -a]l^l 
C 1 . 6 -alkyl carboxylic acid, and more preferred "sC and R* are hydrpgen. In yet another 
preferred embodiment, R^ and R^ are hydrogen, hi yet another preferred embodiment, 
m is 1. In yet another preferred embodiment^ n is 0. In yet another preferred 
2S embodiment R^-R^ are hydrogen, or R' and R^ together are Ca^-aDgrlene and R^ and 
are hydrogen* Preferred chelating ligands are those selected from the group 
comprising 1,2-cyclohexBnediaimne, N^KNJ'f-tetramefliyl ethylenediamine, 
N,N-diethyl ethylenediatxiine, ethylenediamine, ethylenediamioe N,N,N,N-tetraacetic 
acid (EDTA), diethylenetriamine N,N,N,N,N-pentaacetic acid (DTPA) and 
30 substituted or unsubstituted 1,10-phenantroline; more preferred chelating ligands are 
those selected from the group comprising 1,2-cyclohexanediattiinc, 

N,N,N,N-tetramctbyl cthylenediamine, N,N-diethyl cthylencdiamine and 

ethyl enediamine, and the most preferred chelating ligand is cthylencdiamine. 



007 
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In a preferred embodiment of die invention, the 4>fluorophen^a]ide is 4-fluoro> 
bromobenzene or d-fluoic-iodobenzene as the reactivity of the 4-fluorophenyIhalides 
increases in the order cblorO'<broino-<iodo for diis type of reactions, hi a preferred 
embodiment of the invention the 4>fluorophaiylhaUde is added in a molar surplus 
S relative to 5-ch)oro-indoIe. Preferably the molar ratio 4'flttorophenylhalide:5-chloro- 
indole is in the range &om about 1,1 to about 3. more preferred from about 1.2 to 
about 2.S, and most preferred from about 1 .3 to about 2.0. 

The methods of manu&eture according to the present invention are advantageous as 
10 compared to classical Ulbnann arylation as they only requite catalytic amounts of a 
copper salt, i.e. less than 20 mol % relative to S-chloro-indole. Preferably the amount 
of copper salt is less than 10 mol % relative to S-chloio-indole and even more 
prefeired in the range from about 1 to about 5 mol %. The products made according to 
the present invention may be isolated without the harsh treatment, such as boiling in 
IS hydrochloric acid or treatment with cyanides, whidi oftoi is necessary in order to 
break tile complexes between copper and the product of the classical Ullmaim 
reactions. 

Any copper salt comprising copper(0 or copper CH) an anion which does not 
20 interfere in an un&vourable way with the reaction may be ^iplied. Exemplary of 
anions, which may interfere in an unfavourable way with the reaction, are cynaide, 
sulphide and selenide. Cyanide may react as a nucleophile and compete with the 
indole fi)r reaction witii the 4-fliioiopbenylhaUde, whereas sulphide and selenide may 
inactivate the copper catalyst. Those ^lled in the art will be aware that other anions 
25 also may inteifere in an unfavourable way with the reaction and easily realise if an 
anion, interferes in an unfavourable way with the reaction. Preferted copper salts for 
use in the present invention are selected from tiie group comprising CuCl. CuBr, Cul, 
CuClj, CuBr2, Culj, CttOCOCHa, Cu(OCOCH3)2, anhydrous or hydrated CUSO4, 
CuCOj, CU2O and mixtures of said copper salts; more prefeired copper salts are those 
30 selected from the group comprising CuCl, CuBr, Cul, CuCl2, CuBr2 and Cul2. These 
work well as catalysts in the reaction and are readily available to reasonable prices. 
The copper salt may be added in one portion at the start of tiie reaction or in two or 
more portions distributed over the reaction time. 
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Various bases may be employed in the methods of manu&cture of the present 
invention. Bxemplaiy bases are the carbonates, hydrogen carbonates, phosphates, 
hydrogen phosphates, dibydrogen phosphates, oxides and hydroxides of alkali metals. 
Preferred bases are potassium and sodium carbonates as these are readily available to 
5 a low price and easy to handle. The base is typically present in a molar excess relative 
to S-chloro>indole, preferably the amoiuit of base is in the range from about 1.05 
molar equivalents to about 2.5 molar equivalents. 

The methods of manufacture of the present invention may be performed by heating a 
10 neat mixture of the reactants without any solvent or in a suitable solvent system. 
Exemplary of such solvent systems are toluene, mixtures of toluene and watmr, ethers 
such as dioxane, tetrahydiofiirane (THF), diethyl ether, dimethyl ether, monoetbylene 
glycol dimethyl ether (monoglyme) and diethylene glycol dimethyl ether (diglyme), 
amides such as dimethylfoimamide (DMF), dimethylacetamide (DMA), N>methyl* 
IS pyirolidone ^4MP). Preferred solvents are DMF and lolu^e and most preferred is 
DMF. 

Typically the methods of manufacture of the present invention are perfonned at 
temperatures above 80 “C, preferably in the range from 90 X to 200 °C, more 
20 preferred in the range from 100 °C to ItiO °C. Higher yields may be obtained by 
pretreating the reaction system at a temperature in the range from about 30 "C to about 
70 ”C, prefer^ly in the range from about 40 °C to about 60 ”0, for a period of time 
ranging from about 0.S hour to about 20 hours, preferably in the range from about I 
hour to about 15 hours, before completing tiic reaction at a higher temperature as 
25 specified above. 

Examples 

The following examples is meant to illustrate various embodiments of die invention 
30 and should not be read as limiting the scope of protection. 
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Cbromatographic procedures 

HPLC and GC analyses were perfonned according to the procedures described below. 
5 Analytical Method HPLC - 5-ChJaroindole 



Instrument HPLC HP 1 100 Agilent 


Binary Pump Agilent 1100 Series 
Detector UV Agilent 1100 Series 
Column Thermostat Agilent 1 100 Series 
Autosampler Agilent 1100 Series 
Integration Agilent Chemstation 


Detector 


UV 230 ran 


Column 


HP Lichiospher C8 250 x 4 mm, 5 pm 


Colxunn Tempoature 


40 *C 


Mobile Phase A 


Watci/Acetonitrile 6S:3S 


Mobile Phase B 


Water/Acetonitrile 15;8S 


Flow 


LOmL/min 


Volume injected 


5 pi 


Runtime 


45 min 


Gradient 


Time 


%A 


%B 




0 


100 


0 




30 


0 


loo 




40 


0 


100 


- 1 


conditioning 


Runtime 


40 min 



Assay against external standard- 
10 Sample Preparation 

Weigii accurately about SO mg of sample in a SO mL volumetric flask and add 
acetonitrile to volume. Transfer 10 nod> of obtained solution in a 25 volumetric flask 
and add acetonitrile to volume. Final concentration 0.2 mg/ml> 



(710 
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Standard Preparation 

Wei^ accurately about 50 mg of Reference Standard in a SO mL volumetric flask and 
add acetonitrile to volume. Transfer 10 mL of obtained solution in a 25 volumetric 
flask and add acetonitrile to volume. Final concentration 0.2 m^mL 
s 

Analytical Procedure 

Inject the Standard three times (at least), integrate die obtained chromatograms and 
calculate Medium Area. If the Standard Deviation % is less dian 1.0% inject the 
Sample and integrate the chromamgram. Calculate the product assay with the 
10 formula: 

Assay% »> (Sample Area x Cone. $td x 100)/(Standard Area x Sample Cone.) 

Where: 

15 Sample Area Area obtained by sample injection 

Standard Area » Average of areas obtained by Standard iiyection 
Sample Cone. = Concentration (mg/ml) of Sample 
Standard Cone, b Conc^tration (mg/ml) of Standard 

20 A nalytical Method HPLC - 5-chloro-l-(4~jluoraphenyl)-indoie 

hismutient configuration as above except for the gradient. 



Mobile Phase A 


Water/Acetonitrile 6S:3S 


Mobile Phase B 


Water/Acetonitrilc 1S:8S 


Runtime 


45 min 


Gradient 


Time 


%A 


%A 




0 


60 


40 




30 


0 


100 




40 


0 


100 




conditioning 


Runtime 


40 min 
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Assay against external standard 
Sample Preparation 

Weigh accurately about SO mg of sanq>le in a SO mL volumetric flask and add 
s acetonitrile to volume. Transfer 10 mL of obtained solution in a 2S volumetric flask 
and add acetonitrile to volume. Final concentration 0.2 mg/mL 

Standard Preparation 

Weigh accurately about 50 mg of Reference Standard in a SO mL volumetric flask and 
10 add acetonitrile to volume. Transfer 10 mL of obtained solution in a 25 volumetric 
flask and add acetonitrile to volume. Final concentxatioii 0.2 mg^oL 

Analytical Procedure 

Inject die Standard three times (at least), integrate the obtained chromatograms and 
IS calculate Medium Area. If the Standard Deviation % is less than 1.0^ iiy'ect the 
Sample and integrate the chromatogram. Calculate die product assay with the 
formula: 

Assay% = (Sample Areax Cone, Std x 100)/(Standard Area x Sample Cone.) 

20 

Where: 

Sample Area = Area obtained by sample Injection 
Standard Area Av»age of areas obtained by Standard injection 
25 Sample Cone. Concentration (mg/ml) of Sample 
Standard Cone. = Concentration (mg/ml) of Standard 
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Analytical Method GC - 5-chloroindole and 5’chJoro-l-(4-fluorophenyl)-indole 



histiument GC 


Gc Top 8000 CB InstiumenTs 


Detector 


FID 


Column 


Zebton (Z£-l) 




30 m X 0.2S nun 




0.2S pm 


Carrier Flow (He) 


l.SmL/min 


Split Flow 


SOmlAnl 


Flow 


30mL/min 


Air Flow 


300mLAnm 


Volume injected 


1 pL 


Runtime 


25 min 




Stqi 


Temp (®C) 


Duration 




1 


120"C 


3 min 




l-^2 


120"->220*C 


5 min 




2 


220'’C 


20 min 




AT 20 “C/roin 


T ini 

1 


220 “C 


Tdet 


250 'C 



Assay against external standard 
s 

Internal Standard Solution 

Dilate about 2 ml of Undecane (GC Standards) with Acetone in a 2S0 mL volumetric 
flask. 

10 Sample Preparation 

Weight accurately about 250 mg of sample (5>chloroindole or S-chloro> 
I’Cd'fluoTophenyO'indole) in a 25 mL volumetric flask and add Internal Standard 
Solution to volume. Final concentration 25 mg^mL 



D13 
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Standard Preparation 

Weight accurately about 250 mg of Reference Standard (S-chloroindole or 5-chloro- 
l-(4-f[uorophenyl)>indole) in a 25 inL volumetric flask and add Ihitemal Standard 
Solution to volume. Pinal concentration 25 m^mL. 

5 

Analytical Procedure 

Inject the Standard three tunes (at least), integrate die obtained cbiomatogFams and 
calculate the ratio betv/een Area of analyte and Area of Internal Standard. If the ratio 
Standard Deviation % is less than 1.0% inject the Sample and integrate die 
10 chromatogram and calculate the ratio as described above, Calculate the product assay 
with tile formula: 

Assay% = (Sample Area Ratio x Cone. Std x 100)/(Standard Area Ratio x Sample 
Cone.) 

IS 

Where: 

Sample Area Ratio Area Ratio obtained by sample injection 
Standard Area Ratio - Average of area ratios obtained by Standard iidection 
20 Sample Cone. Concentration (mghnl) of San^le 
Standard Cone, *• Concentration (mg/ml) of Standard 

Analytical Method GC - 5-chloro~l-(4-fluorophenyl)’indole — Conversion In- 
Process-Control 
25 

Instrument configuration as above. 

Conversion In-Process-Control 
30 Sample Preparation 

Stop the stirring and sample Q.l mL of reaction solution. Dilute with S ml of toluene. 
Filter the solution obtained and inject. 
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Calculate ttie conversion with formula: 

Conversion% (S-chloro>l-(4>fIuorophenyl)'Uulole Area x 100)/(5-ChlorDindo1e 
Area+ S-eMoro-l'(4*flUorophenyl)>indole Area) 

5 

Where; 

S-chIoro-l-(4-fluorophenyl)-mdole Area •• Area detected for S-chloto- 
l*(4-fIuorophenyl)-indole 

1 0 5-ChloToindole Area Area detected for S-Chloiomdole 
Identification of product 

MMS. spectra were determined on a Biuker Avance 300 spectrometer 
15 

'H-NMR CDCU 300MHz (8 ppm, JHz): 7.70 (IH. d. J= 2.0); 7.49-7.39 (3H. m); 

7.32 (IH, d, 7“ 3.2); 7.30-7.17 (3H, ra); 6.66 (IH, d, 7= 3.2). 

’^C-NMR CDClj 75MHz (8 ppm, Hz): 161 .68 (d, 7 c.f = 245.0); 135.87 (d, 7 c.f - 

20 2.0); 134.96; 130.62; 129.75; 126.59 (d,7cj- 8.3); 126.49; 123.18; 120.97; 117.04 

(d. 7c, F - 22.0); 11 1.71 ; 103.59. 

‘’F-NMR CDCh 282MHz (5 ppm): 1 14.94 (m). 

25 These data are in agreement with foe structure of S-chloro*l-(4-fluotophenyl)-indole. 

Synthetic example s with toluene as solvent 

Example 1: N,N,N,N-tetramethyl ethylenediamine as ligand 
30 

A jacketed glass reactor was charged with 40 g of crude S-chloio-indole (80% pure as 
determined by HPLC) (32 g. 0.211 mol), KiCO;) (40.2 g, 0.2902 mol), 4-fiuoro- 
bromobcnzene (92.3 g, 0,5277 mol), Cul (2.5 g, 1.32*10'^ mol), N,N,N,N-tetraroethyl 
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ethylenediamine (3.2 g, 5.28*10*^ mol) and 80 mL of toluene. The mixture was heated 
to reflux (about 1 IS °C), under vigorous stirring, and maintained for 40 hours. 

After cooling to 60 °C, 80 mL of Toluene and 80 mL of water were added and the 
5 mixture was maintained under stirring at 50 °C for V% hour and the organic layer was 
separated and treated with 80 mL of wtXa. The residual caibonates were then 
dissolved by slow addition of aqueous HCI 32% until solution reached pH = 2-3. The 
mixture was maintained under stining at SO °C for V» hour the aqueous layers were 
eliminated. The organic layer was thra concentrated, by solvent distillation at reduced 
10 pressure, and the crude product was obtained as an oil (47.2 The yield, based on 
HPLC (assay against ext. Std.), was about 42%. 

Example 2: N,N-dieikyl ethylenediamine as ligand 

IS FoUowmg the procedure of example 1 except drat N,N-^6tiiyl eth^ienediamine was 
used in stead of N,NJf,N-tetramethyl ethylenediamine the crude product was obtained 
as an oil (84 g), The yield, based on HPLC (assay against ext. Std.). was about 50%. 

Example 3: Trans- J,2-cyclohexanediamine as ligand 

20 

A jadeeted glass reactor was charged with 10 g of crude S-chloro-indole (80% pure as 
determined by HPLC) (8 g, 5.2.I0'* mol), KiCOj (12.7 g. 9.2.10‘* mol). 4-fluoro- 
bromobenzene (12.7 g, 7.3»10‘* mol), Cul (1.26 g, 6.6*10'^ mol), trans- 
1,2-cycIohexanediainine (1.13 g, 9.9*10^^ mol) and 20 mL of toluene. The mixture 
zs was heated to reflux (about US °C). under vigorous stirring, and maintained for 12 
hours. 

The conversion cheeked by GC was about 79%. 

After cooling to 60 °C, the solid residual were filtered off and the organic solution 
30 was then concentrated, by solvent distillation at reduced pressure, and the crude 
product was obtained as an oil (1 5.4 g) 
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Example 4: K 3 PO 4 as base 

A jacketed glass reactor was charged with 20 g of crude 5-ohloro-indo1e (S0% pure as 
determined by HPLC) (16 g, 0.106 mol), K2CQ3 (18.6 g, 0.088 mol), 4-{Iuotd> 
S biomobenzene (46.2 g, 0.263 mol), Cul (1.25 g, 1.32*10'^ mol), ediylenediamine 
(1 .58 g, 2.62*1 0'^ mol) and 40 mL of toluene. The mixture was heated to reflux (about 
115 °C), under vigorous stirring, and maintained for 22 hours. An additional amount 
of K3PO4 (9.3 g. 4.4*10’^ mol) was added and the mixture was stirred for 19h. The 
conversion checked by GC was about 42%. 

10 

After cooling to 60 °C, 80 mL of Toluene and 80 noL of water were added and the 
mixture was maintained under stining at SO "C for VS hour and tiie organic layer were 
separated and treated with 80 mL of water. The residual carbonates were fhra 
dissolved by slow addition of aqueous KCl 32% until solution reached pH = 2*3. The 
15 mixture was maintained under stirring at 50 °C for VS hour the aqueous layem were 
eliminated. The organic layer was then concentrated, by solvent distillation at reduced 
pressure, and the crude product was obtained as an oil (62.3 g). 

20 Example S: CuBr as catalyst source 

A jacketed glass reactor was charged with 40 g of crude S-chloro-indole (80% pure as 
determined by HPLC) (32 g. 0.211 mol). KaCOs (40.2 g. 0.2902 mol), 4-fluoro- 
bromobenzene (92.3 g, 0.5277 mol), CuBr (1.89 g, 1.32* I O'* mol), ethylenediamine 
2S (3.2 g, 5.28*10'* mol) and 80 ml of toluene. The mixture was heated to reflux (ahout 
115 °C). under vigorous stirring, and maintained for 32 hours. Ihe conversion 
checked by OC was about 92%. 

After cooling to 60 °C, 80 mL of toluene and 80 mL of water were added and the 
30 mixiure was maintained under stirring at 50 X for VS hour and the organic layer was 
separated and treated with 80 mL of water. The residua) carbonates were then 
dissolved by slow addition of aqueous HCl 32% until solution reached pH 2-3. The 
mixture was maintained under stirring at 50 °C for % hour the aqueous layers were 
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eliminated. The organic layer was then concentrated, by solvent distillation at reduced 
pressure, and the etude product was obtained as an oil (64.4 g). 

Example 6: CuCl as catalyst source 
5 

A jacketed glass reactor was charged with 40 g of crude S>chloro-indole (80% pore as 
determined by HPLC) (32 g, 0.211 mol), K2CO3 (40.2 g. 0.2902 mol). 4-fluon>- 
bromobenzene (92.3 g, 0.5277 mol). CuCl (1.31 g, 1.32*10 * mol), ethylenediamine 
(3.2 g, 5.28.10'* mol, 25%) and 80 mL of toluene. The mixture was heated to reflux 
10 (about 1 IS °C), under vigorous stirring, and maintained for 32 hours. The conversion 
checked by GC was about 92%. 

After cooling to 60 ®C, 80 mL of toluene and 80 mL of water were added and the 
mixture was mainta ined under stiiring at 50 “C for Vi. hour and the organic l^er was 
15 separated and treated widi 80 mL of water. The residua] carbonates were then 
dissolved by slow addition of aqueous HCl 32% until solution reached pH * 2-3.The 
mixture was maintained under stirring at S0°C for % hour the aqueous layers were 
eliminated. The organic layer was then concentrated, by solvent distillation at reduced 
pressure, and fhe crude product was obtained as an oil (7.81^. 

20 Example 7: CuSr^ as catalyst source 

A ^a$$ jacketed reactor was charged wiQi 20 g of crude S'Chloro-indoIe (80% pure as 
detetmined by HPLC) (16 g. 0.106 mol). K2CO3 (20 g, 0.144 mol), 4-fluoro- 
bromobenzene (46.1 g, 0.26 mol), CuBra (1.46 g. 6.6.10'* mol), ethylenediamine 
25 (1.58 g, 2.6.10'* mol) and 40 ml of toluene. The mixture was heated to reflux (about 

115 *C), under vigorous stirring, and maintained for 28 hours. The converaon 
checked by GC was about 44% (after 20 hours the eonversion checked by GC was 
about 43%). 

30 After cooling to 60 “C, 50 mL of Toluene and 40 mL of water were added and the 
mixture was cooled to SO “C under stirring. The residual carbonate were then 
dissolved by slow addition of aqueous HCl 32% until solution reached pH = 2-3. The 
mixture was maintained under stirring at 50 "C for 14 hour before flie organic layer 
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was separated. The organic layer was treated several tiinea with saturated solution of 
Sodium Chloride and water under stirring at SO **C and concentrated, by solvent 
distillation at reduced pressure. The cnute product was obtained as an oil (41 g) 

s Examples S-18 illustrate variations of die CuI'Etbylenediamine-KiCOj-loluene 
system. They were performed according to the procedure of example 1 except for the 
details specified. The amounts are given relative to the amount of S-chloro-mdole 
(calculated as pure 5-chloro-indole). % means mol %, equivalent means molar 
equivalent, and volume means ml of solvent per g of S-ehlaro>inciolB. 

10 

Example 8: 

10 % of Cul, 15% of ethylenediamine, 2.1 equivalent of K 2 CO 3 . 1.1 equivalent of 
4-fiuoro>bromobo)zene, 2 volumes of toluene, 1 6h reflux. The conversion checked by 
IS GC was about 99.5% 

Example 9: 

1% of Cul, 5% of ethylenediamine, 1.5 equivaloit of K 2 CO 3 . 1.1 equivalent of 
20 4*fluoro>biomobenzene, 2 volumes of toluene, I Oh reflux. The conversion checked by 
GC was about 52%. 

Example 10: 

25 1% of Cul, 5% of ethylotediamine, 1.5 equivalent of K 3 CO 3 , 1.3 equivalent of 

4>fluoro-bromobenzene, 2 volumes of toluene, lOh reflux. The conversion checked by 
GC was about 45%. 

Example 11: 

30 

5% of Cut 15% of ethylenediamine, 1.05 equivalent of K 2 C 03 , 1.2 equivalent of 
4-fluoro‘bromobenzene, 2 volumes of toluene, 18h distilling off water as azeotrope 
and recycling toluene. The conversion checked by GC was about 55%. 
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Example 12: 

5% of Cul, 15% of ethylenediamine, 2.1 equivalent of K 2 CO}, l.I equivalent of 
4-fluoro-bTomobcnzene. 2 volumes of toluene. 36h reflux. The conversion cheeked by 
S GC was about 96%. 

Example 13: 

5% of Cul, 15% of ethylenediamine, 1.5 equivalent of K 2 CO 3 , l.l equivalent of 
10 4>fluoro-bromobenzene, 2 volumes of toluene, 36h reflux. The conversion checked by 
GC was about 95%. 

Example 14: 

15 S% of Cul, 20% of etoylenediamine, 1.1 equivalent of K2CO3, 1.1 equivalent of 
4-fluoro-broinobenzene. 2 volumes of Toluene, 44h reflux. The conversion cheeked 
by GC was about 99%. 

Example 15: 

20 

5% of Cul, 20% of ethylenediamine, 1.1 equivalent of KjCOa, 2 equivalent of 
4-fluoro-btomobenzene, 2 volumes of toluene, 36h reflux. Addition of Cul in two 
portions (2x2.5%, 2 *^ after 10 h refluxing). The conversion checked by GC was about 
9S%. 

25 

Example 16: 

5% of Cul, 1.14 equivalent of ethylenediamine, 1.1 equivalent ofK 2 C 03 , 2 equivalmt 
of 4-fluoro-bromobenzene. 2 volumes of toluene, 24h reflux. The conversion checked 
30 by GC was about 86 %. 
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Example 17: 

2Sy» of Cul, 40% of ethylenediamine, 1.1 equivalent of KzCOa. 2 equivalent of 
4-fluoro-bromobenzene, 2 volumes of toluene, 26h reflux. The conversion checked by 
s GC was about S7%. 

Example IS: Under moderate pressure 

5% of Cul, 20% of ethylenediamine, 1.1 eq[uivalent of K2CO3. 2 equivalent of 
10 d'fluorO’bioniobenzene, 2 volumes of toluene. The reaction mixture was heated to 
120 °C in a closed reactor for 44 h allowing flie pressure to increase to a maximum of 
2 bar. The conversion checked by GC was about 87%. 

Toluene and water as solvent system 
IS 

Example 19: K 3 PO 4 as base 

A jacketed glass reactor was charged with 40 g of crude S-chloro>indole (80% pure as 
determined by HPLC) (32 g. 0.211 mol), K3PO4 (56 g. 0.264 mol). 4-fluoro- 
20 bromobenzene (92.3 g, 0.5277 mol), Cul (2.5 g. 1.32*10*^ mol), ethylenediamine 
(3.2 g, 5.2840'^ mol), 80 mL of toluene and 20 ml of water. The mixtura was heated 
to reflux (about IIS "C), under vigorous stirring, and maintained for 40 hours. The 
conversion checked by GC was about 89%. 

25 After cooling to 60 °C, 80 mL of Toluene and 80 roL of water were added and the 
mixture was maintained under stirring at SO °C for % hour and the organic layer was 
separated and treated wifli 80 ihL of water. The residual carbonates were then 
dissolved by slow addition of aqueous HCl 32% until solution reached pH = 2-3. The 
mixture was maintained under stirring at SO X for % hour the aqueous layers were 
30 eliminated. The organic layer was then concentrated, by solvent distillation at reduced 
pressure, and the crude product was obtained as an oil (86,4 g). 
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Example 20: K 2 CO 3 as boss 

A jacketed glass reactor was charged with 40 g of crude S-chloro-indole (80% pure as 
determined by HPLC) (32 g, 0.211 rool), KjCOb (40.2 g, 0.290 mol), 4>fluoro- 
5 bromobenzene (92.3 g, 0.5277 mol), Cul (2,5 g, 1,32*10'^ mol), ethylenediaminc 
(3.2 g, 5.28*10'^ mol), 80 ml of toluene and 20 luL of water. The mixture was heated 
to reflux (about 110 “C), under vigorous stirring, and maintained for 36 hours. The 
conversion checked by GC was about 67%. 

10 After cooling to 60 °C, 80 mL of toluene and 80 mL of water were added and the 
mixture was maintained under stirring at SO for Vt hour and die organic layer were 
separated and treated with 80 mL of water. The residua) carbonates were then 
dissolved by slow addition of aqueous HCl 32% until solution reached pH = 2-3. The 
mixture was maintained under stiiring at 50 “C for % hour foe aqueous layers were 
IS eliminated. The organic layer was then concentrated, by solvent distillation at reduced 
pressure, and foe crude product was obtained as an oil (68 g). The yield, based on 
HPLC (assay against ext. Std.), was about 50%. 

Dimefovlformamide (DMF'l as a solvent 
20 

Example 21: 

A glass jacketed reactor was charged, under nitrogen, with distilled 5-chloro-indole 
(94% pure as detemined by HPLC) (200 g, 1.32 mol), K 3 CO 3 (200 g, 1.45 mol), 
25 4-fluoro-bromoboizene (461 g, 2.63 mol), Cul (12.6 g, 0.066 mol), efoylenediamine 
(IS.9 g, 0.26 mol) and 400 mL of dimethyUbnnamide. The mixture was heated to 
40X under vigorous stirring and kept at that tempaature for 12 hours whereafler the 
mixture was to reflux (about 130-135X), under vigorous stirring, by increasing the 
jacket temperaruie over period of 45 minutes to 145 and maintained at reflux for 5 

30 hours. 

After cooling to 60 "C, 400 mL of toluene and 400 mL of water were added and foe 
mixture was cooled to 50 °C under stirring. The organic phase was septarated and 
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washed, at 50 "C with diluted hydrochloric acid (S ml HCl 32% + 100 ml H2O) and 
finally with a solution of diluted ammonia (S mL of NHa 33% + 200 mL of li^O). The 
solvent was then removed by distillation at reduced pressure and the cmde product 
was obtained as an oil (469 g). The yield, based on HFLC (assay against ext. Std.), 
5 was about 94%. 

Example 22: CuBr as catalysi source 

A glass jacketed reactor was charged with 20 g of crude S-chloro>indolc (80% pure as 
10 detennined by HPLC) (16 g, 0.106 mol), K3CO2 (20 g, 0.144 mol), 4-fluoro- 
bromobenzene (47.7 g, 0.27 mol). CuBr (0,95 g, 6.6*10'^ mol), etbylenediamine 
(1.58 g, 2.6*10'^ mol) and 40 mL of dimethylfbimamide. The mixture was heated to 
reflux (about 130-135 “C), under vigorous stirring, and maintained for 20 hours. The 
conversion checked by GC was about 99.5% (after 6 hours the conversion chedeed by 
15 GC was about 81%). 

After cooling to 60 °C. 80 mL of Toluene and 40 mL of water were added and the 
mixture was cooled to SO "C under stirring. The residual carbonate were then 
dissolved by slow addition of aqueous HCl 32% tmtil solution reached pH = 2-3. The 
20 mixture was maintained under stirring at 50 ”C for Va hour. The organic layer was 
separated and treated with 40 mL of water. The mixture was maintained under stirring 
at 50 °C for % hour the aqueous layers were eliminated. The organic layer was treated 
several times with saturated solution of ammonium sulphate and water under stining 
at 50 “C and then concentrated by solvent distillation at reduced pressure. The crude 
25 product was obtained as an oil (3S.4 g). The yield, based on HPLC (asm.y against ext. 
Std.), was about 80%. 

Example 23: CuCl andKIas caialysi source 

30 A glass jacketed reactor was charged with 20 g of cmde S-chloro-indoIe (80% pure as 

detennined by HPLC) (16 g, 0.106 mol), K2CO3 (20 g, 0.144 mol). 4-fluoro- 
bromobenzene (47,7 g, 0.27 mol), CuCl (0.595 g, 6.0*10'^ mol), ethylenediamine 
(1.58 g, 2.6*10'^ mol) and 40 mL of dimethylfonnamide. The mixture was heated to 
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reflux (about 130-135 *C), under vigorous stining. After 4 hours was added KI 
(1.16 g, 6.99-10’^ mol). The mixture was then maintained at reflux for 16 h. Tlic 
conversion checked by GC was about 99.5% (after 6 hours the conversion checked by 
GC was about 53%). 

5 

After cooling to 60 °C, 80 mLof Toluene and 40 inL of water were added and die 
mixture was cooled to SO under stirring. The residual carbonates were then 
dissolved by slow addition of aqueous HCl 32% until solution reached pH = 2-3. The 
mixture was maintained under stirring at SO "C for % hour the organic layer were 
1 0 separated and treated with 40 mL of watw. The mixture was maintained under stining 
at SO °C for % hour the aqueous layers were eliminated. The organic layer was treated 
several times with saturated solution of ammonium siUfate and water under stining at 
50 °C then and concentrated, by solvent distillation at reduced pressure. The crude 
product was obtained as an oil (37.5 g). The yield, based cm HPLC (assay against ext 
1 s Std.), was about 82%. 

( 

Examples 24-29 illustrate variations of the CuI-Bfbylmedianune-KiCOj- 
Dimethylfoimamide system. Ihey were perfonned according to the procedure of 
example 21 excqit for the scale which was 40 g of S-chloro-indole and the details 
20 specified. The amounts are given relative to die amount of S-chloro-indole (calculated 
as pure 5-chloro-indoIe). % means mol %, equivalent means molar equivalent, and 
volume means ml of solvent per g of S-chloro-indole. 

Example 24 
25 

5% of Cul, 20% of efhylenediamlne, l.l mol of K 2 CO 3 . 2 mol of 4-fIuoro- 
bromobenzene, 2 volumes of dimetiiylfonDaniide, 29h 120**C. The conversion 
checked by GC was about 80%. 

30 



27/03 '02 ONS 14:44 [AF/HT-NR 8376] @024 




27/03/2002 



14:47 



36444532 ■» PfliTENTDIREKTORft 



NO. 066 



1325 




22 




Example 2S 

5% of Cul, 20% of efhylenedianiine, 1.1 mol of KjCOj, 2 mol of 4-fluoio> 
bromobenzene, 2 volumes of dimethylformainide, 6h HS^C. The conversion checked 
s by GC was about 99%. 

Example 26 

5% of Col, 20% of ethylenediaznine, 1.1 mol of KjCOa, 1.2 mol of 4-fluoro* 
10 bromobenzoie, 2 volumes of dimeOiylfbnnainide. Pretreatment of catalytic system 1 
h at 30°C. Reaction S.Sh 13S°C. The conversion checked by OC was about 94% 

Example 27 

15 S% of Ciil. 20% of e&jdenediamine, l.l mol of K 2 CQ 3 , 2 mol of 4-fluoro- 
bromobenzeae, 2 volumes of dimeOiylfonnaniide and 0.5 volumes of water. 
Pietreatment of catalytic system 1 h at SO “C. Reaction I9h 118 '^C (reflux). The 
conversion checked by GC was about 58%. 

20 Example 28 

S% of Cul, 20% of ethylenediamme, 1.1 mol of IQsCO], 2 mol of d^fluoro- 
bromobenzene, 2 volumes of Dimethylformainide. Prefreatment of catalytic system 14 
h at SO **C. Reaction 7h 13S ’’C. The conversion checked by QC was about 92.2% 

25 

Example 29 

5% of Cul, 20% of ethylenediamine, 1.1 mol of KzCOa, 2 mol of 4-fluoro- 
bromobmzene, 2 volumes of dimethylfoimamide. NO Protreatment of catalytic 
30 sysiocn 50 °C. Reaction 7h 13S *’C. The conversion checked by GC was about 78% 

Dioxane as solvent 
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Example 30; Trans-I.2-Cyclohexanediamine as ligand 

A jacketed glass reactor was charged with 5g of crude S-chloro-indolc (80% pure as 
detennined by HPLC) (4 g. 2.6»10'* mol), KiCX >3 (9.58 g. 6.9.1Q-" mol), 4-fluoTO- 

5 bromobenzene (6.34 g, 3.6.10-’ mol). Cul (0.063 g. 6.6*10-* mol), frans- 

1,2-cyclohexanediamine (0.377 g. 3.3.10'^ mol) and 33 mL of dioxane. The mixture 
was heated to about 1 10 "C, under vigorous stirring, and maintained for 25 hours. The 
convemion checked by GC was about 45%. 

10 After cooling to 60 «C. the solid residual were filtered off and the organic solution 

was then concenirated, by solvent distillarion at reduced pleasure, and the crude 

product was obtained as an oil (8.2 g). 

Keat - Without Solvent 
15 

Example 31: 

A jacketed glass reactor was charged wifii 30 g of distiUed 5-Cl-indole (96% pure as 
detennined by HPLC) (28.8 g, 0.190 moles). KjCOj (30.1 g. 0.218 moles). 4-fluoro- 
20 bromobenzene (143.4 g, 0.819 moles), Cul (1.88 g, 9.89.10’ moles) a^ 
ethylenediamine (2.38 g. 3.96.1Q-’ moles). The mixture was heated to 130-135 “C 
under vigorous stirring, and maintained for 5 hours. 

After cooling to 50 «C, 80 raL of Toluene and 80 niL of water were added and the 
25 mixture was maintained under stirring at 50 ‘C for IS minutes. The residual 
carbonates w«e then dissolved by slow addition of HjSO^ 36% until solution reached 
pH » 2-3 (about 40 mL). The mixture was maintained under stirring a* SO for % 
hour then cooled to room tenq»crature and stirred overnight. The aqueous layer (upper 
phase) was eliminated. The organic phase was washed two times with water 
30 (2xS0mL) and then concentrated, by solvent distillation at reduced pressure. The 
crude product was obtained as an oU (115.9 g). The yield, based on HPLC (assay 
against ext. Std.), was about 42%. 
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Claims 

1. Method for manufacture of sertindole compriaing manufacturing 5-chloio- 
l-( 4 -fluoropbenyD-indole and converting it to sertindole characterised in that the 
5 method for manufacture of 5 -chloro-l -( 4 -fluorophenyl)-indolc comprises reacting 

5 -chloro-mdole with a 4 -fluotophcnylhaUde in the presence of a base, a chelating 
Ugand and catalytic amounts of a copper salt comprising copper® or copperOI) 
and an anion which does not interfere in an unfavourable way with the reaction. 

10 2. Method for manufacture of 5 -chloro.l-( 4 -fluoiophenyl)-mdole comprising 

reacting 5-chloro-indole with a 4 -fluorophenyIhalide in the presence of a base, a 
chelating ligand and catalytic amounte of a copper salt comprismg copper® or 
copperC® and an anion which docs not interfere in an unfavourable way with the 

reaction. 

3 Method according to claim 1 or 2 characterised in *at the chelating Ugand is a 
’ substituted or unsubstituted UO-phenanthrolin or a compound of the finmula 
X-(CR'R*-(CR*rVCR^R*'V)„,. wherein X and Y independently are selected 
from NRV and OR^ R'-R’® independently are selected from hydrogen, 
20 Ci. 6 "alkyi. Ci.*-atkyl carboxylic acid and aiyl or one of R' and R together with 
one of R’ and R® are Cj. 6 -alkylene. m is 1 or 2 and n is 0, 1, 2 or 3. 

4 . Method according to claim 3 chaiacteriaed in that at least one of X and Y is 
NR’R®. 

5. Method according to claim 3 characterised in ftiat X and Yboth areNRTR*. 

6 . Method accoiding to claim 4 or 5 characterised in that r 7 and R“ independently 
are selected from hydrogen C,. 6 -allcyl and C, 4 -alkyl carboxylic acid. 

7. Method according to claim 6 characterised in that R’ and R* are hydrogen. 
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8. Method BccoKling to any of claims 3-7 characterised in that R* and R* are 
hydrogen. 

9. Meriiod according to any of claims 3-8 characterised in that n is 0. 

5 

10. Method according to any of claims 3-9 characterised in that R'-R" are hydrogen, 
or R' and R^ together are Ci^-alkylrae and R^ and R" are hydrogen. 

11. Method according to claim 3 characterised in diat die chelating ligand is selected 

10 from the group comprising 1,2-cyclohexanediamine. N,N,N,N-teirametii 3 d 

Bthylenediamine, N,N-diethyl ethylenediamine, ethylenediamine, 
ethylenediamine, N.N,N,N'tetraacetic acid (EDTA), diethylenetriamine 
N,N,N,N,N-pentaacetic acid (DTPA) and substituted or onsubstituted 
1,1 0-phenantioline. 

15 

12. Method according to claim 1 1 characterised in that the chelating ligand is selected 
from the group compiislng 1.2-cyclohto;anediamine, N,N,N,N-tetramethyl 
ethylenediamine, N,N-diethyl ethylenediamine and etiiylenediamine. 

20 13. Method according to claim 12 characterised in tiiat the chelating ligand is 

ethylenediamine. 

14. Method according to any of claims 1-13 characterised in that the copper salt is 
selected from tiie group comprising CuCl, CuBr, Cul, CuCl 2 , CuBra, Culz, 

25 CuOCOCHs, Cu(OCOCH)) 2, anhydrous or hydrated CUSO4, CuCOa, CU2O and 
mixtures of said coppo’ salts. 

15. Method according to claim 14 characterised in ttiat the copper salt is selected from 
the group comprising CuCl, CuBr, Cul, CuCh, CuBra and Culs. 
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Abstract 

The present invention relates to a novel roethod for manufacture of seitindole 
comprising manufacturing S-diloro-I-(4-fluorophenyi)“iiidole and converting it to 
5 sertmdole wherein the method for manufacture of 5-chloro-l -(4-fluoiophmjyl)-mdole 
comprises reacting S-chloro-indole with a 4-fluoiophenyTIialide in the presence of a 
base, a chelating ligand and catalytic amounts of a copper salt comprising copperfi) or 
copper(n) and an anion which does not interfere in an unfavourable way with the 
reaction. 
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